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ABSTRACT
LIFE HISTORY OF THE SOUTHERN KINGFISH, MENTICIRRHUS AMERJCANUS,
FROM THE NORTH-CENTRAL GULF OF MEXICO
by Samuel Dee Clardy
December 2012
Southern kingfish, Menticirrhus americanus, is a common sciaenid along the
north-central Gulf of Mexico (GOM), but annual harvest has declined over the last
decade. Little is known about the life history of southern kingfish in the north-central
GOM, and thus the objectives of this study are to establish the spawning season,
spawning frequency, fecundity, sex ratio, female size at 50% maturity, age, and standard
morphometries. Specimens were collected using hook and line in several locations
within the Mississippi Sound. A total of 519 southern kingfish (434 females, 85 males)
were captured from April 2008 through May 2009 by hook and line and consisted of age
classes from age 0 to 4 with the population dominated by age 1 and 2 individuals. Annuli
formation occurred in May and June based on marginal increment data. The size at 50%
sexual maturity for females was estimated at 189 rnm TL at age 1, although few
immature female fish were captured. GSI values and overall histological ovarian
maturity phases indicated that fish begin rapid gonadal development in February and
March. Actively spawning females were found from April through September, although
some spawning capable fish were still collected in early October. Southern kingfish are
batch spawners with asynchronous oocyte development, and mean relative batch
fecundity was 231.10 ± 35.68 (mean ± SE) eggs/g ovary-free body weight. Spawning
frequency averaged 6.93 days between spawns from April through September, with
11

highest spawning frequency occurring in mid-summer (June and July). The reproductive
strategy of M. americanus is similar to that of other sciaenids in the GOM, although both
relative batch fecundity and spawning frequency are lower than most other members of
the family. The results from this study should strengthen the overall knowledge about
this species and will provide resource managers valuable information to better assess
population dynamics of the southern kingfish in the north-central GOM.
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CHAPTER I
INTRODUCTION
There are three species of Menticirrhus within the north-central Gulf of Mexico
(GOM): the Gulfkingfish, Menticirrhus littoralis; the northern kingfish, M saxatilis; and
the southern kingfish, M. americanus. Southern kingfish and the Gulf kingfish are
primarily separated by habitat, whereas the northern kingfish has habitat overlap but is
rarely reported in the northern GOM (Hoese and Moore 1998). The Gulfkingfish is
primarily found in the high energy surf zone, whereas the southern kingfish prefer
estuarine waters and the deeper passes between the barrier islands within the study
regton.
Southern kingfish range from southern New England to the southern tip of
Florida, around the GOM (Armstrong and Muller 1996), and down the east coast of
South America to Argentina (Chao 1978; Haluch et al. 2011 ). They are demersal fish
with elongated bodies, an inferior mouth, and a single barbel under the chin. They often
have several dusky bars along the sides of the body (McEachran and Fechhelm 2006),
and are a euryhaline species. Bearden (1963) reported salinities ranging from 2
(Fritzsche and Crowe 1981 ; Crowe 1984) to 41 (Irwin 1970) and temperature ranging
from 7.0 (Loman 1978) to 37.3 °C (Fritzsche and Crowe 1981; Crowe 1984). This
species occurs over a wide depth range from < 1 m to 69.5 m (Crowe 1984) and seems to
prefer a sandy bottom (Bearden 1963) but has been documented on a variety of bottom
types including sand, mud, seagrasses, and shell (Reid 1954; Bearden 1963). Seasonal
movements of southern kingfish appear to occur from shallow nearshore waters during
early spring through late fall to deeper waters during the winter months (Hildebrand and
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Cable 1934; Gunter 1945; Bearden 1963 ; Lagarde 1981; Fritzsche and Crowe 1981;
Crowe 1984).
Few studies have focused on the southern kingfish throughout its range and
particularly in the north-central GOM, and there have been no studies focusing on adults
in this region in over two decades. The most recent studies in the north-central GOM
suggests that the spawning season occurs between March through November (Irwin
1970; Fritzsche and Crowe 1981 ; Crowe 1984; Anderson et al. 2011) based on visual
gonad examination following Lagler (1956). Fritzsche and Crowe (1981) found that
spawning peaked in April (as indicated by the number of ripe fish captured) and noted
that males and females mature at 150 mm and 195 mm SL, respectively. These findings
are similar to those reported by Harding and Chittenden (1987) in the northwestern GOM
where they described the spawning season to begin in February or March and end in
November based on visual inspection of the gonads to assess maturation stage. Harding
and Chittenden (1987) also reported that males and females mature at 150 mm and 220
mm SL, respectively. On the east coast, spawning is reported to occur from April
through September (Hildebrand and Cable 1934; Bearden 1963; Smith and Wenner
1985). Although visual classification of maturation stages can be beneficial, histological
analysis of the gonads provides a clearer understanding of the spawning season and
frequency (Brown-Peterson et al. 201 1; Lowerre-Barbieri et al. 2011).
There is also limited information on age for southern kingfish in the north-central
GOM and would benefit from additional study. Harding and Chittenden (1987) used
length frequencies to determine age of southern kingfish in the northwestern GOM but
reported that age designations may not be exact in larger individuals. Smith and Wenner
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(1985) counted scale annuli to determine age on the east coast and found that over 90%
of the samples were Sage 2. Using otolith sections to detern1ine age (VanderKooy 2009)
will provide a better understanding of the age structure of the southern kingfish in the
north-central GOM.
Southern kingfish are currently unregulated by the Mississippi Department of
Marine Resources; however, this species is actively sought after by both recreational and
commercial fishermen. Harvest data since 2000 from Mississippi waters (NOAA
Fisheries ... [updated 2012]) reveals a decline in annually harvested fish numbers since
2001 (Figure 1). Based on this fisheries dependent data, such an apparent decline may be
a cause for concern for the sustainability of the population within the north-central GOM.
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Figure 1. Annual harvest of southern kingfish from Mississippi waters.
Although there are a few studies that have touched on the life history of the
southern kingfish in the GOM (Irwin 1970; Fritzsche and Crowe 1981; Crowe 1984;
Harding and Chittenden 1987), none quantify reproduction using standard histological
techniques or age using otoliths. A basic knowledge of the reproductive biology and size
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and age of fish populations is required to help answer questions about how fishing, both
recreationally and commercially, affects the population (Nielsen and Johnson 1983 ;
Fulford and Hendon 201 0). With this in mind, the following objectives were developed
for this study:
1. Estimate age from otoliths and detennine standard vital metrics like age-TL, SL-TL,
TL-WW by gender, sex ratio, and age-batch fecundity for southern kingfish in the northcentral GOM; and
2. Quantify the annual spawning season, spawning frequency, batch fecundity, and size
at 50% maturity of southern kingfish within the north-central GOM from histological
analysis and standard techniques.
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CHAPTER II
METHODS
Sample Collection
Southern kingfish were sampled from several locations throughout the Mississippi
Sound from April2008 - May 2009. These included Smugglers Cove at Cat Island, Dog
Keys Pass and the chimney areas of Hom Island, just west of Round Island, Katrina reef
and Kessler reef (located just south of Deer Island), the Back Bay area of Biloxi, MS and
the mouth of Davis Bayou (Figure 2). During the study period, a sample size of 50
specimens each month from March through October and 10-15 specimens from
November through February was targeted. Southern kingfish were mainly collected by
hook and line using fresh dead shrimp, squid, or cut bait. Samples of opportunity were
also collected via crab pots and otter trawls from the R/V Thomas Mcilwain and the R/V

Hermes primarily during the spring and summer months.
Specimens were immediately placed on ice and processed in the laboratory within
24 hrs. Each specimen was measured for total {TL) and standard (SL) lengths (mm),
weighed (g), otoliths removed and stored in labeled envelopes, and the gonads removed
and weighed (GW, O.lg). Males and females were used to calculate the Gonadosomatic
index (GSI): GSI = (GW/GFBW) x 100; where GW = gonad weight and GFBW = gonadfree body weight of the fish (Greeley et al. 1986).
After weighing the whole gonad, a small cross section of the right gonad was
removed, placed in individually labeled histological cassettes (Fischer Scientific) and
stored in a plastic container with 10% neutral buffered formalin (NBF). An adequate
ratio of tissue volume to formalin volume (1 :20) was maintained to ensure adequate
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Figure 2. Map of hook and line and crab pot sample locations where southern kingfish
were sampled in the north-central Gulf of Mexico.
penetration and preservation. Samples were fixed in NBF for a minimum of one week
(oftentimes much longer) before rinsing.
Aging
Samples were divided into 10 mm TL size bins for males and females and
randomly selected for a maximum of 5 specimens per size bin for age analysis. If a size
bin contained < 5 specimens, all of the specimens were aged. Left sagittal otoltiths were
removed by making an angular incision originatingjust in front of the dorsal fin traveling
across the top of the eyes and exiting around the fish's nostrils with a fi let knife. A
lateral incision was then made from the top of the exposed brain cavity towards the dorsal
fin and a pair of tweezers was used to extract the two otoliths. Removed otoliths were
placed in a small container with tap water and stirred to rinse off any clinging tissues.
Otoliths were removed from the container and allowed to dry on a paper towel and once
dry, they were stored in a labeled envelope (Mac Papers).
Small embedding molds (22 x 22 x 20 mm ; Poly Sciences) were used to mount
the otoliths in a resin block. A small layer of resin mixture (Buechler Expoxicure™
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Resin and Buechler Epoxide Hardner) was placed in the embedding mold and allowed to
harden for a minimum of 24 hrs. The left sagittal otolith was then centrally oriented in
the labeled embedding mold and the resin mixture was poured into the tray until it
completely covered the otolith. The trays were then set aside to dry/cure for a minimum
of24 hrs.
After drying, the resin block was coarsely sanded to smooth the edges so that it
could be steadied for the sectioning process, and a straight line was drawn across the
block to indicate the ideal location for a representative section for aging. The ideal
section resides near the junction of the ostium and sulcus (VanderKooy 2009), which if
sectioned correctly will reveal a "V" shaped grove in the otolith with distinct annuli
radiating outward from this point. A Norton Diamond Wheel saw was used to cut
sections from the block containing the otolith. The block was mounted in a holding vice
on the saw and the saw blade lined up on the previous line. With the adjustment control
knob, the block was moved inward three increments of 420 Jlm each. A cut was made
and then the block moved 420 f.!m towards the saw blade. The next cut created the first
of three to four sections made for each otoltith. Sections were sanded using 600 grade
sandpaper and viewed under a Bausch & Lomb dissecting microscope to see which
section captured the best record of the fishes' ages. Selected sections were then sanded
again to ensure all saw marks were removed in preparation of mounting. For slide
mounting, a labeled slide was heated on a Coming Hot Plate and a small amount of
mounting medium (Crystalbond 509- clear) was melted onto the slide. The polished
section was then pressed into the mounting medium on the slide. Once mounted, the
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slide was cooled, dried, and polished using a clear Flox-Texx® mounting medium
(Learner Laboratories).
The prepared otoliths were examined to determine age using a Motic BA200
microscope under transmitted light by two independent readers. When the otolith section
was viewed through a microscope an opaque band (fonned during slow growth periods)
and a translucent band (formed during periods of faster growth) was evident
(VanderKooy 2009). The translucent ring that is formed on the outer edge of the opaque
rings was analyzed to determine the margin code as described in VanderKooy (2009).
All specimens with a margin code of 1 were used to identify the time period when the
opaque ring is being laid down. The opaque rings are called annuli and were counted to
determine the age of the specimen along with the percent margin code (margin code 1 =
0%, 2 = 33%, 3 = 66%, and 4 = 99%). After both readers aged all of the samples
independently, the number of opaque rings noted and margin codes were compared and
any discrepancies were reexamined by a third reader; if agreement couldn' t be reached,
the otolith was removed from further analysis.
Histology
Only ovaries from female southern kingfish were used for histological analysis
during this study. The ovarian samples were rinsed overnight with low flow tap water to
prepare for histological processing. They were then placed in 60% ethanol for two hours,
drained, placed in 70% ethanol for two hours, drained, and replaced in 70% ethanol for a
minimum of two additional hours. Samples at this point could be held for several weeks
before undergoing further dehydration and embedding.

9
Once the preserved gonad sample was rinsed, they were dehydrated using various
dilutions of ethanol up to 100% (Apper Alcohol and Chemical Company), cleared using
Shandon Xylene substitute (Thermo Electron Corporation), and impregnated with
Paraplast Plus (Fisher Scientific) in a Shandon Hypercenter 2 Tissue Processor. Each
step in processing takes one hour (Appendix A), and all steps were perfonned under
vacuum to maximize the penetration of reagents into the tissues. All processed tissues
were embedded within two hours of cycle completion using a Shandon Histocenter 2. To
embed tissues, a small amount of paraplast was placed on the bottom of a stainless steel
mold and the gonad was positioned and oriented in a manner to obtain the best crosssection possible. Once oriented properly, the tissue was secured by briefly cooling the
paraffin and the cassette base was placed on top of the mold. The mold was then
completely filled with paraplast. The cooled paraplast and tissue (block) were removed
from the mold and the excess paraffin around the edges was trimmed off.
To prepare for tissue sectioning, an S/P Brand Tissue Flotation Bath (Baxter
Scientific Products) was filled with distilled water, one cap of Surgipath STAY ON, a
tissue section adhesive, was added, and the bath was heated to 37-42°C. Prior to
sectioning, the blocks were placed on ice, and then they were sectioned at 4 Jlm using an
AO Rotary Microtome with a disposable Accu-Edge Low Profile Microtome Blade.
Sections were placed in the water bath and the best two from each block (specimen) were
floated onto a Fisherbrand Superfrost Slide (Fisher Scientific). Each slide was labeled
and placed on a slide warmer (Lab-Line Instruments, Inc.) for a minimum of two hours to
completely dry.
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The staining process included steps to remove paraffin, rehydrate the sample,
stain the various tissue components, and then dehydrate the section. Slides were stained
following a regressive method of hematoxylin staining (Luna 1968; Prophet et al. 1992)
using Hematoxylin 2 (Richard Allen) and counterstained with Eosin Y (Richard Allen).
The staining protocol is shown in Appendix B. Slides were then cover-slipped using
Richard Allen mounting medium and allowed to dry.
Slides were assessed microscopicall y to determine ovarian phases following
Brown-Peterson et al. (2011). Five reproductive phases (immature, developing,
spawning capable, regressing, and regenerating) and associated sub-phases (early
developing and actively spawning) were identified based on criteria in Table 1. This
information was used to determine the spawning season. A fish was considered to be
sexually mature once it entered the developing phase (DE) and cortical alveoli (CA)
oocytes were observed.
The percent coverage of each stage of oocyte present in the ovarian section was
detennined using a 10 x 10 x 1 mm SQ Fisher Scientific "Micromaster" Microscope
Eyepiece Reticle at 1OOx. The reticle had a grid of 100 squares that occupies Y2 of the
total field of view. This allowed for the examination ofthe 100 square grid overlaying
the majority of the field of view. Initially, the entire ovarian section was observed and
three areas were haphazardly selected from each slide for oocyte examination and
enumeration.
All oocytes, postovulatory follicles (POFs), and atretic oocytes in three
haphazardly selected fields of view were counted. An oocyte was counted if it was
estimated that at least 50% was visible within the field of view.
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Table 1
Reproductive Classification Terminology
PHASE
Immature

Developing

Early
Spawning
Capable

Actively
Spawning

DESCRIPTION OF PHASE - FEMALE
Never spawned. Contains only oogonia and primary growth oocytes, has a thin
ovarian membrane, and a small gonad size.
Gonads are developing in preparation to spawn. Ovary can contain primaty growth,
cortical alveolar, and early and mid viteUogentic oocytes. Late vitellogenic oocytes are
rare. Some atresia possible but no postovulatory follicles.
Gonad composed mainly of primary growth and cortical alveolar oocytes. May have
a few early vitellogentic oocytes.
Fish will spawn during the spawning season. Abundance of late vitellogenic oocytes
present. Ovary may also contain primary growth, cortical alveolar, early and mid
vitellogenic oocytes, postovulatory follicles, and atresia (any stage).
Fish is spawning, has spawned within 12 hrs, or will spawn within 12 hrs. Separated
from spawning capable fish by evidence of widespread oocyte maturation indicated by
lipid and/or yolk coalescence, germinal vesicle migration, and/or hydration of oocyte.
Postovulatory follicles ~ 12 hrs can be present.

Regressing

Fish will not spawn again this season. Atresia at any and possibly aU oocyte stages
present and abundant. Primary growth oocytes becoming more abundant with most
vitellogenic oocytes undergoing atresia. Postovulatmy follicles possible.

Regenerating

Mature fish not reproductively active. Gonad contains oogonia and primary growth
oocytes and has a thick ovarian wall. May have atresia present.

For each oocyte stage, POF, or atretic oocyte, a representative example was located
within the grid and the number of squares of coverage was counted. The number of
squares for each type of oocyte (or POF and atresia) was divided by 2 and multiplied by
the number of oocytes of the same stage observed in the entire field of view. The result
was a percentage of area covered for each oocyte, POF, and atresia stage. The resulting
information provides a definitive assessment of the reproductive phase of each specimen.
Spawning Frequency
Two methods were used to determine the spawning frequency of southern
kingfish based on histological analysis. One method uses POFs :::; 24 hrs while the other
method utilizes fish undergoing oocyte maturation (OM) (Hunter and Macewicz 1985).
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The OM method is founded on the observation of fish that are going into the final stages
of oocyte maturation would have likely spawned within 12 hours of collection. The POF
method is based on the presence of a thinly stretched and folded follicle that remains
behind after the ovulated egg is released. The spawning season was divided into three
equal groups representing the early (April-May), mid (June-July), and late (AugustSeptember) spawning season. All specimens that were categorized as spawning capable
(including actively spawning) were counted for each group. The sum of the total
spawning capable fish within a group was then divided by the number of specimens
within that group that contained 0-24 hr POFs or OM. The result gives an estimate of the
number of days between spawns for each portion of the spawning season. Annual
spawning frequency was calculated by adding all of the spawning capable fish within the
spawning season and dividing the sum by the total number of fish that contained 0-24 hr
POFs or OM in the same time frame. The number of spawns per year was calculated by
dividing the total number of days within the spawning season by the annual spawning
frequency.
Fecundity
If an ovary was identified in the actively spawning sub-phase by either
microscopy or visual observation, then a subsample of the gonad was removed, weighed
(0.1 g), placed in a labeled jar, sliced into smaller sections, and preserved in modified
Gilson's fluid (Table 2; Bagenal 1966) for at least three months. This solution was used
to harden the outermost layer of the oocyte and aid in the separation of the oocyte from
the ovarian tissue. Once the subsample was submerged in the labeled jar and the lid
secured, the jar was shaken vigorously. Repeated shaking over the duration of storage
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helped break apart the ovarian tissues and aids in releasing and suspending the oocytes,
thus allowing better fluid penetration and preservation.
Table 2

Modified Gilson 's Fluid
Concentration

Product

100 ml
880 ml
15 ml
18 ml

60% alcohol
Water
80% nitric acid
Glacial acetic acid
Mercuric chloride

20 g

The volumetric method for estimating fecundity (Bagenal and Braum 1971) was
used in this study. Samples were rinsed overnight in running water and oocytes were
teased from the tissue and placed in 100 ml of water. While the sample was being stirred,
six aliquots of 1-2 ml each were sub-sampled. Oocyte size distribution frequency graphs
were developed for a spawning capable and an actively spawning fish to detennine the
size of OM oocytes, info.rmation necessary for fecundity analysis. All OM or hydrated
oocytes were counted in each subsample. Both batch fecundity (number of eggs/female)
and relative batch fecundity (number of eggs/g ovary free body weight) were calculated.
Batch fecundity (BF) was calculated as: BF = (DL/DLS x N) x (GW/PGW); where DL =
dilution water (ml), DLS = dilution water subsample (ml), N = number of oocytes
counted, GW = gonad weight (g), and PGW = portion of gonad (g). Relative batch
fecundity (RBF) was calculated as: RBF = (BF/OFBW); where OFBW = ovary free body
weight (g). All values for BF and RBF were reported as mean± standard error (SE).
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Data Analysis
GSI values for female and male southern kingfish were arcsin squareroot
transformed prior to analysis and were tested for normality with the KolmogorovSmironov one-sample test and for homogeneity of variance with the Levene's test. If the
GSI data passed the test of normality and homoscedasticity, a linear regression was
performed to determine ifthere was a relationship between GSI and OFBW so that GSI
could be used as an indicator of reproductive preparedness. A One-Way ANOVA was
used to see ifthere was a difference among monthly mean GSI values. If a significant Fvalue was observed, then monthly values were separated with a Sidak pairwise
comparison test. If the data were found to be heterogeneous, then a Games-Howell test
was used for the pairwise comparison (Field 2005). Differences in spawning frequency
among seasons (early, mid, and late) and sex ratio were analyzed with a Chi-square test.
Analysis of covariance (AN COYA) with TL as the covariate was used to compare WW
between genders, first checking for parallelism of slopes between genders and then
checking the Y-intercepts (WW) for differences if the slopes were parallel. This method
was repeated with TL being the covariate to compare age between genders separately.
Linear regressions were used to estimate the relationships between age - TL on
untransformed data and between SL - TL and TL - WW after the data were log10
transformed. Additionally, linear regressions were used to determine if there was a
relationship between batch fecundity (BF) and relative batch fecundity (RBF) as the
dependent variables and TL, OFBW, and age as the independent variables with all data
being log 10 transfonned prior to analysis. To estimate the size at 50% maturity for female
southern kingfish, the percent offish that had entered the reproductive cycle, (mature) per
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5mm TL size class were fit to a series of logistic (S-Shaped) functions . The best fit
model was Y = 1/(1 -u+(bo*Cbt **t))), where t = size class, u = upper bound, and bo and b 1
are estimated parameters. This nonlinear regression was estimated through successive
iterations of the Lavenberg-Marquardt algorithm until minimization of residuals. For all
analyses, values were considered significant when P :S 0.05 and statistics were processed
on version 20 of SPSS software.
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CHAPTER III
RESULTS
Collection
A total of5 19 southern kingfish (434 females, 85 males) were sampled from April
2008 through May 2009 from the north-central GOM; no fish were collected in January.
The mean difference between TL and SL was 41.8 mm and 37.7 mm for females and
males, respectively. The mean TL for females was 238.5 mm with a range of 135 to 348
mm TL, whereas males had a mean TL of211.2 mm, which ranged from 171 to 267 mm
TL (Table 3). Total weight ranged from 24.8 to 530.2 g for females and 49.4 to 213.4 g
for males. Ofthe 519 southern kingfish collected, samples from 397 females were
processed for histological analysis. Otoliths were removed from the entire collection for
age analysis.
Table 3
Sample Size (n), Mean Total Length (TL, mm) and Minimum and Maximum TL Values of
Southern King/ish by Month and Gender
Male

Female
Date

n

MeanTL

February
March
April
May
June
July
August
September
October
November
December

45
49
56
45
45
42
33
51
49
16
3

239.0
229.4
234.7
234.5
217.3
242.8
254.1
251.8
238.3
257.8
266.3

MinTL MaxTL

181
135
148
184
164
163
219
191
182
205
246

283
279
280
303
312
348
331
328
341
307
278

n

MeanTL

10
6
5
5
29
10
7
3
6
2
2

217.4
210.2
219.8
207.4
192.6
225.5
231.1
233.3
222.3
211.5
232.5

MinTL MaxTL

198
171
198
191
173
180
212
226
215
203
221

263
244
244
224
224
256
267
242
240
220
244
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Males and females had significant positive relationships between log 10 TL - log 10
SL (males: R 2 = 0.983; F1 , s3= 4872.25; P < 0.0001; n = 85; females: R 2 = 0.954; F1 , 432 =
8936.35; P < 0.0001; n = 434). The log10 WW - log10 TL also had a positive relationship
for both genders (Table 4); however, the slopes between males and females were not
parallel (ANCOVA: F1 , s1s = 5.36; P = 0.021). Females had a steeper slope (3.169) than
males (2.961), suggesting females increased in WW at a faster rate than males when
adjusted for TL.
Table 4

Summary ofEquations and Related Statistics for Southern King/ish
n

R2

p

log 10 WW- log10 TL (females) log10 WW = 3.169 (log10 TL)- 5.353
log 10 WW- log10 TL (males) log10 WW = 2.961 (logr 0 TL)- 4.866

434

0.968

< 0.0001

85

0.891

< 0.0001

lagro SL -lagro TL (females)

lagro SL = 1.036 (lagro TL) - 0.169

434

0.954

< 0.0001

lagro SL- logr 0 TL (males)

log 10 SL = 1.052 (log 10 TL) - 0.206

85

0.983

< 0.0001

logro TL - logr0 SL (females)

logr 0 TL = 0.921 (log10 SL) + 0.265
logr 0 TL = 0.935 (log10 SL) + 0.231
Age = 0.014 (TL)- 1.270
Age = 0.034 {TL}- 5.012

434

0.954

< 0.0001

85
80
43

0.983
0.61
0.789

< 0.0001
< 0.0001
< 0.0001

Co!E,Earison

logr 0 TL-Iog 10 SL(males)
Age- TL (females)
Age- TL {males}

Eguation

Note: WW =somatic wet weight (g), TL = total length (mm), SL = standard length (mm).

Age structure and morphometries
Opaque rings were distinctive in the prepared cross-sections of southern kingfish
otoliths, indicating the formation of annuli (Figure 3). Based on marginal increments,
southern kingfi sh form annuli during April-May (Figure 4; Table 5). Margin code 2 was
dominant in June (78%) and July (73%), which follows the time period when the opaque
ring (margin code 1) is formed. Margin codes 3 and 4 generally dominated from August
through March (Table 5).
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Figure 3. Transverse section of a sagittal otolith on a 4+ year old southern kingfish. The
numbered arrows indicate the annuli and MC 3 is the marginal code assigned to this
otolith.
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Figure 4. Marginal otolith increments (mean± SE) of southern kingfish (pooled by
gender and age) by month, February (F) through November (N). There are no data for
December and January~ otherwise means represent 4-27 fish per month (n = 123).

19

Table 5
Southern King/ish Margin Code Percent Frequency by Month (n = 123)

Margin
Code Month Feb. March April
n
10
8
8
I
0
25
0
2
0
12
63
12
3
0
0
4
100
88
0
Note. There were no data for Decemberand January.
2 = 33%, 3= 66%, and 4= 99%.

May
10
40
10
0
50

June
27
4
78
18
0

July
15
0
73
20
7

Aug.
11
0
36
36
28

Sept.
19
0
0
74
26

Oct.

Nov.
4
0
0
75
25

11

0
9
36
55

Margin codes wereassigned the following percentages forage analysis:

I = 0%,

There were 5 age classes observed in the sampled mature population (n = 123) of
southern kingfish in the north-central GOM, which included age 0, age 1, age 2, age 3,
and age 4 fish. Age I and 2 fish were the largest groups accounting for 39% and 33% of
the total, respectively (Table 6). Age 0 fish accounted for only 12% due to the sampling
technique used and age 3 and 4 fish represented 13% and 3% ofthe sample, respectively.
Table 6
Age Distribution by Gender and Pooled in the Sampled Southern King/ish Population
from the North-Central GulfofMexico

Male
Age
0
2
3
4

n
2
18
13
8
2

Female
%
5
42
30
18
5

n
13
30
28
8

Combined
%
16
38
35
10

n
15
48
41
16
3

%
12
39
33
13
3

Both females and males had a significant positive relationship between age and
TL (females: R2 = 0.610; F 1, 78 = 121 .86; P < 0.0001; n = 80; males: R2 = 0.789; Fl ,41 =
153.07; P < 0.0001 ; n = 43; Table 4); however, the slopes between females and males

were not parallel (ANCOVA: F 1, 119= 38.08; P < 0.0001) when adjusted for TL. Males
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had a steeper slope (0.034) than females (0.014), suggesting that males were older per
given TL than females when adjusted for TL. Figure 5 illustrates that females were also
longer on average than males within each observed age class.
400
350
300
-

~

-~

250
200

•Females

150

• Males

100
50
0
0

2
3
Age Class (yrs)

4

Figure 5. Graph of age (mean±SE) in relation to total length (TL) for male (n = 43) and
female (n = 80) southern kingfish from the north-central Gulf of Mexico.
Reproductive Biology
There were 434 female and 85 male southern kingfish collected during this
project. This resulted in a male (M):female (F) ratio of 1M:5.12F, revealing that the sex
ratio differed from 1:1 throughout the sampling period (x2 = 519.00, df = 1, P < 0.0001).
Moreover, the sex ratio also differed within the spawning season, April-September,
(1M:4.61F, x2 =331.00, df = 1, P < 0.0001) and outside ofthe spawning season, OctoberMarch (1M:6.23F, l = 188.00, df = 1, P < 0.0001).
The smallest female southern kingfish observed to reach sexual maturity was 163
mm TL at age 1. Only 3.5% of the 397 females examined for maturity were found to be
immature; however, these fish were used to estimate the length at 50% maturity (Lso).
Estimated size at L50 was 189 mm TL (Figure 6; R2 = 0.717; F 1, 9 = 22.801; P < 0.05; n =

21
224). All females > 211 mm TL were sexually mature at age 1 or older. Male maturity
was not examined during this project; therefore L5o for males could not be calculated.
120
L50 = 189 TL (mm)
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Figure 6. Plot of percentage of mature female southern kingfish (those that have entered
the reproductive cycle) by 10 mm TL size class. The TL where 50% of individuals are
mature (Lso) equals 189 mm TL.

Male GFBW was not correlated to GSI (R2 = 0.002, F 1, 83 = 0.15, P = 0. 70, n =
85), whereas in females it was correlated with GSI (R2 = 0.040, F 1, 4 32 = 18.18, P <
0.0001 , n = 434). The positive relationship for females only accounted for 4% of the
variance in GSI and, therefore, was not considered biologically significant. GSI for
females indicates a gradual increase in ovarian development from February- March and a
peak in April (Figure 7). After April there was a slight decline in GSI, after which it
plateaued by June and remained fairly constant through the end of August. By
September, spawning activity decreased and ended by October. Female GSI among
months was significantly different (ANOVA: F10, 423 = 32.49; P < 0.0001). This indicates
a spawning season of March through September, each of which was statistically different
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than February, October, November, and December (GH, P < 0.05) with the exception of
April, which was statistically higher than all other months (GH, P < 0.05).
Male GSI mirrored that of females with an increase in gonad development early
in the spring, peaking in April, gradual decline in May, plateau through August, and then
rapidly declining through the fall (Figure 7). Male GSI was significantly different
between months (ANOVA: F 1o, 74 = 7 .65; P < 0.0001) with spawning occurring from
March through September, with April being the peak and November being the lowest
value (Sidak; P < 0.05).
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Figure 7. Plot ofGonadosomatic Index (GSI; mean± lSE) for the southern kingfish in
the north-central Gulf of Mexico with diamonds representing females and squares
representing males. Error bars are hidden by the data point symbol in several months for
males. Data points are significantly different (P :::::; 0.05) if letter labels are not the same.
Specimens were collected from April2008 through May 2009.

Histological analysis was used to classify the reproductive phases in southern
kingfish in the north-central GOM and strengthened the GSI observations for females
(Table 7). During February, the majority of the female specimens were classified in the

23
Table 7

Female Southern King/ish Spawning Phase Percentages by Month Based on Histological
Analysis
Spawning
Phases(%)

Month Feb. March April May June July Aug. Sept. Oct. Nov. Dec.
13
2
40 41
33
49
37
n
44 49 44 45
2
2
2
5
0
0
0
0
0
13
6

Immature
Developing
Early Developing
Spawning Capable
Actively Spawning
Regressing
Regenerating

2
64
0
0
0
32

31
24
39
0
0
0

0
5
86
7
0
0

0
2
76
9
0
0

2
8

63
15
10
0

0
0
80
15
0
0

0
0
76
15
0
9

0
0
47
12
8

33

3
0
13

0
35
49

0
0
0
0
8

92

0
0
0
0
0
100

Note. Actively spawning is a sub-phase o ft he s pawning capable phase.

early developing or regenerating phases. March data revealed that the fish were investing
more energy into the development of gonads and a transition towards developing and
spawning capable phases. By April 93% of the collected specimens progressed to the
spawning capable phase which includes the actively spawning sub-phase. From May
through August, the range of spawning capable fish ranged from a low of 78% in June to
a high of 95% in July. Spawning capable fish had dropped to 59% by September; the
remaining 41% offish had completed spawning and were in the regressing (8%) and
regenerating (33%) phases. While October still had a few spawning capable fish present
(13%), the majority offish had moved to the regressing and regenerating phases. By
November, all females were reproductively inactive.
Actively spawning (AS) fish were first noted in April samples, which made up

7% of the collected specimens for the month, and quickly increased and leveled off at
15% from June-August. This follows the plateau in the GSI data closely and further
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validates the most active part of the spawning season. By September, the percentage of
AS fish started to decline and this sub-phase was completely absent by October.
Immature fish (Figure 8A) were found from February-July (Table 7) and are
sometimes difficult to distinguish from a mature female in the regenerating phase (Figure
8B). Once a fish starts to develop cortical alveoli oocytes (CA), she has entered the
gonadotropin dependent stage and will either spawn or undergo atresia. With the
formation of CAs (Figure 8C) and the early onset of vitellogenic oocytes (Figure 8D), the
fish enters the developing phase (DE). The DE phase has a sub-phase noted as early
developing and is indicated by the first appearance of CAs and may have a few early
vitellogentic oocytes present (Figure 8C). Identification of the early developing phase
allows for better precision in determining when the population is entering the spawning
season.
Females transition from a DE phase to a spawning capable (SC) phase (Figure 9A,
D). This phase indicates that when the conditions are favorable, the fish can undergo
oocyte maturation (OM) and spawn, which occurs in the actively spawning (AS) subphase (Figure 9B). An ovary in the SC phase is dominated by late vitellogenic oocytes,
although oocytes at all stages (Figure 9A), postovulatory follicles (POFs; Figure 9C), and
all stages of atresia (Figure 9D) are commonly seen. This provides evidence of
asynchronous oocyte development, indicating an individual is capable of spawning
multiple times and should thus be considered batch spawners.
The AS sub-phase is determined by the presence of oocytes undergoing OM.
Oocyte maturation is determined by noting any combination of the following: lipid
coalescence, germinal vesicle migration, yolk coalescence, and/or hydration. When the
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Figure 8. Photomicrographs of reproductive phases in southern kingfish ovaries. (A)
immature, (B) regenerating, (C) early developing sub-phase, and (D) developing. Oocyte
stages are labeled as (PG) primary growth, (CA) cortical alveoli, (EV) early vitellogenic
and (MV) mid vitellogenic.

indicators of OM are present and abundant in any combination the fish is considered to
be in the AS sub-phase and will spawn within the next 12 hours. However, fish in the AS
sub-phase still have LV oocytes, as well as other oocyte stages, present in the ovary
(Figure 9B), indicating that southern kingfish are batch spawners. During the course of
the spawning season, a mature SC female will likely enter the AS sub-phase numerous
times.
Once a female is finished spawning for the season, she enters the regressing phase
(RG). The RG phase is characterized by atretic oocytes in the alpha, beta, gamma, and
delta stages (Figure 10). The alpha phase of atresia (Figure 9D) is characterized by the
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Figure 9. Photomicrographs of spawning capable phase in southern kingfish ovaries. (A)
spawning capable phase, (B) actively spawning sub-phase, (C) 24 hr postovulatory
follicle (POF), and (D) alpha atresia noted in a spawning capable ovary. Oocyte stages
are labeled as (PG) primary growth, (CA) cortical alveoli, (EV) early vitellogenic, (LV)
late vitellogenic, (GVM) germinal vesicle migration (including: (LC) lipid coalescence;
(YC) yolk coalescence), and alpha atresia.
breaking down of the follicle surrounding the oocyte, but all components are still
recognizable. During beta atresia (Figure 10) the original shape and form of the oocyte
becomes undistinguishable. The last two stages of atresia are hard to distinguish but are
based on the further degradation of the original oocyte.
Fish that have passed through the RG phase enter the regenerating (RN) phase,
which is a reproductively inactive phase that persists until the next spawning season
(Figure 88). This phase is marked by all oocytes in the primary growth stage although
there can be some minor atresia present. The 1M and RN phases in female fish can be
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difficult to distinguish. One should pay particular attention to the thickness of the
ovarian wall, any atresia, size of the PG oocytes, time of year, size of the gonad, and the
length and weight of the fish, all of which can help make a proper classification of the
maturity phase.

Figure 10. Photomicrographs of regressing phase of a southern kingfish ovary. Oocyte
stages are labeled as (PG) primary growth, (CA) cortical alveoli, (EV) early vitellogenic,
and beta atresia.

Seasonal spawning frequency was estimated using both the POF and OM
calculation methods (Table 8). Spawning frequencies were not calculated from October
through March due to either small sample size (n < 20; November-December) or if no
actively spawning fish were observed during the month (October, February, and March).
Results were very similar between methods for the early and mid-season spawning
frequencies but differed during the late season. There was a significant difference

28
seasonally for the POF method (x2 = 17.50, df = 2, P < 0.0001), but not for the OM
method (x2 = 3.251 , df = 2, P > 0.05). Both methods revealed a spawning frequency of
11 .29 days between spawns for the early season (April-May). During the mid-season
(June-July) spawning frequency between the two methods stayed fairly close with the
POF method resulting in 3.50 days between spawns and the OM method resulting in 5.83
days between spawns. Late season {August-September) spawning frequency differed
with the POF method indicating 19.67 days between spawns and the OM method
indicating 5.36 days between spawns.
Table 8
Seasonal Spawning Frequency for the Southern King/ish in the North-Central Gulf of
Mexico Using Both POF and OM Calculation Methods

Season
Early (Apri l - May)
Mid (June- July)
Late (Aug. - Sept.)
Total (April - Sept.)

n

79
70
59
208

POF spawning
frequency (days)
11.29
3.50
19.67
6.93

OM spawning
freguency (days)
11.29
5.83
5.36
6.93

Note. Only females in the spawning capable phase (including the actively spawning sub-phase) were used in this analysis.

Annual spawning frequency was calculated for both methods, and the results were
exactly the same at 6.93 days between spawns. Therefore, over the course of the
spawning season (April-September), southern kingfish spawn on average of once every
seven days. Based on annual spawning frequency results, an individual female southern
kingfish has the potential to spawn 26 times over the spawning season.
Batch fecundity (BF) estimates were compared for 11 females that were
categorized in the actively spawning sub-phase. A distinct mode of oocytes > 350 ~m
was observed in AS fish (Figure 11), thus, only oocytes > 350 ~m were counted for

29
fecundity analysis. Batch fecundity in southern kingfish overall ranged from 17,338- BF
80,495 eggs and had a mean of 35,571 ± 6,405 eggs (Table 9). There were no significant
2

relationships between log10 BF and log10 TL (R = 0.199, F 1, 9 = 2.23, P = 0.169) or log10

A
200

cc 1so
~
tZ 100
50
0
101-150

151-200

201-250

251-300

301-350

351-400 40 1-450

Oocyte size bins (Jlm)

B

101 -150 151-200 201-250 251-300 301-350 351-400 401-450 451-500
Oocyte size bins (Jlm)

Figure 11. Oocyte size frequency distribution in southern kingfish from a spawning
capable fish (A) and an actively spawning fish (B) from the north-central Gulf of Mexico.
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Table 9
Batch Fecundity and Relative Batch Fecundity (mean ± SE) by Month and Age Class for
Southern Kingfish from the North-Central GulfofMexico

Month/Age
May
July
August
September
Age 1
Age2
Overall

Mean batch
feclUldity
33,944 ± 2,408
35,150 ± 12,213
38,722 ± 20,888
33,924 ± 12,544
33,730 ± 15,591
36,622 ± 6,122
35571 ± 6405

n
2
3
3
3
4
7
11

Mean relative
batch feclUldity
228.04 ± 25.11
201.59 ± 18.92
259.65 ± 124.91
168.09 ± 70.27
235.68 ± 91.52
200.19 ± 29.42
213.10 ± 35.68

BF and log 10 OFBW (R2 = 0.164, F 1, 9 = 1.77, P = 0.216) (Figure 12). The relationship
between log10 BF and log10 TL was best described as log10 BF = 2.575 x log10 TL - 1.667
and between log BF and log OFBW as log BF = 0. 797 x log OFBW + 2. 726. The 11
specimens used in the fecundity calculations came from May, July, August, and
September with the highest mean BF occurring in August at 38,722 ± 20,288 eggs and
the lowest mean BF occurring in September at 33,730 ± 12,544 eggs. There were only
two age classes represented in the fecundity analysis, age 1 (n = 4) and age 2 (n = 7) fish
(Table 9). There was a slightly higher mean BF in age 2 fish (36,571 ± 6,122) when
compared to age 1 fish (33 ,730 ± 15,591); however, there was no significant relationship
between log 10 BF and log 10 age (R2 = 0.015, F 1,9 = 0.136, P = 0.721). The relationship
between log 10 BF and log10 age was best described by log10 BF = 0.064 x log10 age +
4.346.
The log10 of relative batch fecundity (RBF) was also not correlated to log10 TL
(R2 = 0.0001 , F 1, 9 = 0.011 , P

=

0.918), log10 OFBW (R2 = 0.013, F1 , 9= 0.115, P

or log 10 age (R2 = 0.028, F 1, 9 = 0.257, P

=

=

0.743),

0.625). Overall, RBF had a range of94.39-
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509.46 eggs/g OFBW and a mean of213.10 ± 35.68 eggs/g OFBW (Table 9). Like the
BF results, RBF had its highest mean in August at 259.65 ± 124.91 eggs/g OFBW and
lowest mean in September at 168.09 ± 70.27 eggs/g OFBW. Unlike the BF results, mean
RBF was lower in age 2 fish, 200.19 ± 29.42 eggs/g OFBW when compared to age 1 fish,
235.68 ± 91.52 eggs/g OFBW.
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Figure 12. Relationship between batch fecundity and ovary-free body weight for
southern kingfish in the north-central Gulf of Mexico.

Potential annual fecundity for southern kingfish in the north-central GOM was
estimated from mean BF and annual spawning frequency estimates. A female southern
kingfish with a somatic wet weight of 176 g could potentially spawn 924,846 eggs over
the course of the spawning season.
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CHAPTER IV
DISCUSS ION
Gonadosomatic index values are good predictors of spawning preparedness in a
population and are an important piece of infonnation to resource managers when trying
to assess a population. Monthly mean GSI values for female southern kingfish in the
north-central GOM reflected a spawning season that begins in late March and ends in
September. Monthly mean GSI values for males mirrored that of females. Peaks in GSI
values for both males and females occurred in April at a GSI of 1.56% and 4.75%,
respectively. These female peak GSI values are similar to other sciaenid species such as
sand seatrout ( Cynoscion arenarius), spotted seatrout ( Cynoscion nebulosus), silver
seatrout (Cynoscion nothus), spot (Leiostomus xanthurus), and Atlantic croaker
(Micropogonias undulates); (Waggy et al. 2006). Other investigators have reported
similar spawning seasons for southern kingfish (Hildebrand and Cable 1934, Bearden
1963, Lagarde 1981, Smith and Wenner 1985) based on macroscopic inspection of the
ovary. Additionally, Smith and Wenner (1985) examined a portion of their spring
collection microscopically to determine maturity stages along the southern Atlantic coast.
Gunter (1945), Irwin (1 970), and Fitzsche and Crowe (1 981) all reported a longer
spawning season beginning in March and ending in October or November, but these
determinations were based on macroscopic visual inspection of the ovary. These small
differences on either side of the spawning season may be a result of seasonal climate
fluctuations or techniques. Harding and Chittenden (1987) reported that the spawning
period in the northwestern GOM occurred from February or March through November,
with two primary discrete spawning periods (spring and fall) based on male (n =1441)
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and female (n = 1676) GSI and macroscopic classification of maturity (n = 4235), which
disagrees with both the GSI and histological data from this study. Harding and
Chittenden (1987) allowed that their collections were from the deeper part of the
bathymetric range of the southern kingfish and that more thorough collection in estuaries,
the surf zone, and/or the shallow Gulf inshore waters would resolve whether there are
two discrete spawning periods as they suggested or possibly one spawning period with
two periods of recruitment.
Even though GSI values are typically good indicators of spawning preparedness,
thorough histological analysis can refine and more precisely delineate the spawning
season, and has not been previously performed in this species in the north-central GOM.
Our findings based on histological analysis of 397 female southern kingfish revealed a
spawning season that matched our GSI results, initiating in April and ending in
September. There were spawning capable fish noted in both March and October;
however, no females were in the actively spawning sub-phase during these months. This
spawning season is also supported by the work of Anderson et al. (2011) who studied
daily growth rings in otoliths from juvenile Menticirrhus species, including southern
kingfish, in the north-central GOM. The daily growth rings were used to back calculate
estimated birth dates (Figure 13). There were a few fish with estimated birth dates in late
March (n = 5), however, the highest frequencies occurred between June and August,
which marks the plateau in GSI results and the highest percentages of actively spawning
fish noted from histological analysis. With this combined information, it would seem
that Harding and Chittenden's (1987) suggestion of two discrete spawning periods within
the season does not apply to the north-central GOM. Histological analysis also indicated
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there was asynchronous oocyte development in female ovaries, as evident by the
presence of multiple oocyte stages and POFs, which also indicates that southern kingfish
are batch spawners. Batch spawning is typical of the Sciaenidae (see Waggy et al. 2006
for a good overall summary in the GOM and Caribbean Sea).
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Figure 13. Plotted birth dates by month of juvenile southern kingfish from the northcentral GulfofMexico (data from Anderson et al. 2011).
Understanding the spawning frequency of southern kingfish is an important aspect
of the overall reproductive biology of the species. Spawning frequency for southern
kingfish has not previously been reported, which is a limiting factor when trying to
understand its population dynamics. It has been documented that southern kingfish
spawn multiple times per season in Brazil based on the appearance of POFs and
surrounding oocytes in multiple stages (Haluch et al. 2011); however, this has not been
quantified until this study. The seasonal spawning frequency was found to be about 7
days between spawns with a peak of 3-6 days (depending on method, POF or OM) during
June and July in the north-central GOM. This is similar to spotted seatrout that share
similar habitats and have a reported spawning frequency of 4-5 days between spawns
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(Brown-Peterson 2003; Waggy et al. 2006). It is apparent that this early maturing and
short lived species has developed a strategy of spawning multiple times during a
protracted spawning season to ensure recruitment through changing environmental
factors.
For this species, the OM method appeared to be the more reliable indicator of
spawning frequency as there was no significant difference between seasons for the OM
method, as there was for the POF method. This difference between the two methods at
the end of the season was likely due to a sampling bias. Fish that had finished spawning
for the year may have moved out of the sample areas, whereas females that were still
preparing to spawn remained in the areas. Thus, fish containing oocytes in the OM stage
may have been more vulnerable to capture than those with POFs. Similar differences in
spawning frequency between methods were noted in the late season of silver perch,
Bairdiella chrysoura (Grammer et al. 2009) where the OM method revealed an estimated
1.6 days between spawns and the POF method suggested an estimated 16 days between
spawns. Although Grammer et al. (2009) stated their results may have been a function of
low sample size (n

=

16), this study had a more robust sample size (n = 59) so should not

have been a contributing factor to the large difference observed.
Sex ratios can be valuable information when considering the overall composition
of a population, especially ifthere are significant differences. The sex ratio between
male and female southern kingfish in the north-central GOM appears to be substantially
different (1M:5.12F) than previously reported in other areas. Other investigators have
reported slight differences in sex ratios using primarily trawls as a sampling method
(1M:l.1F, Fritzsche and Crowe 1981; 1M:1.48F, Smith and Wenner 1985; 1M:1.2F,
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Harding and Chittenden 1987). The largest difference in sex ratio for southern kingfish,
other than from this study, was reported at 1M:2.3F (males: n = 51; females: n = 119) by
Haluch et al. (2011) in Brazil using trawls in monthly surveys. Since my sampling
method was primarily by hook and line, this may have introduced bias in the sampling
technique, with females more vulnerable to capture. This should be considered when
designing sampling techniques in future studies of southern kingfish.
Female southern kingfish in the north-central GOM reached sexual maturity as
small as 163 mm TL (age 1+) based on females that have entered the reproductive cycle.
Females reached 50% maturity by 189 mm TL and 100% maturity by 211 mm TL both at
age 1+. This is consistent with Smith and Wenner (1985) who estimated that females
reached Lso at 192 mm TL at age 1 and L10o at 230 mm TL also at age 1, along the
southern Atlantic coast. In contrast, Haluch et al. (2011) reported female L 5o at 167 mm
TL from the Santa Catarina, Brazil area, although they reported L 10o at 228 mm TL,
which is similar to my results. Harding and Chittenden (1987) noted L10o at 250 mm TL
(with few maturing virgin fish past 220 mm) in the northwestern GOM. These findings
provide further evidence that southern kingfish in the GOM reach sexual maturity by age
1. Many sciaenids have developed a strategy to mature at~ age 1+ and typically have a
short lifespan (Waggy et al. 2006). These results reflect that the size at maturity of
female southern kingfish is fairly consistent among populations in the GOM, in the
Atlantic Ocean along the southern east coast of the U.S., and in the area of Santa
Catarina, Brazil.
Southern kingfish ranged in size from 171 to 348 mm TL in the north-central
GOM. This maximum length is similar to those noted by Bearden (1963) on the east
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coast at 338 mm TL and 345 mm TL from the northwestern GOM (Harding and
Chittenden 1987), but smaller than the maximum size of 404 mm TL reported by Smith
and Wenner (1985) off the Atlantic coast of the southeastern U.S. In general, males were
found to have a smaller mean size (211.2 mm TL) than females (238.5 mm TL), which is
consistent with Harding and Chittenden (1987) where they described mean size
differences through various maturation stages. Based on the formation of opaque rings in
transverse sections of sagittal otoliths, maximum age for both males and females in the
north-central GOM is 4+ years. The oldest reported southern kingfish was an individual
that reached age 6 in the Atlantic coast of the southeastern U.S. (Smith and Wenner
1985); however, they used scale annuli for aging which is less precise (VanderKooy
2009). This provides evidence that this species is of a relatively small size and has a
short lifespan.
Annular ring formation in otoliths of southern kingfish occurred from April
through May, which is during an active portion of the spawning season in the northcentral GOM. This differs from scale marginal increments reported by Smith and
Wenner (1985) who found that the scale annulus was believed to be laid down in the
winter and early spring months. The formation of the opaque annular ring has been
attributed to several factors including seasonal temperature changes, feeding patterns, wet
and dry seasons, and reproductive cycles (Beckman and Wilson 1995). Based on my
results, opaque ring formation appears to be influenced by the spawning season where
growth slows due to the reallocation of energy into reproduction (Peterson et al. 1999).
There are similar findings in other sciaenids such as spotted seatrout (Nieland et al. 2002)
and silver perch (Grammer et al. 2009). This interpretation is supported by histological
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analysis and GSI results that reflect the peak of the spawning season occurs during AprilMay when the annulus forms.
Fecundity data provides information that will help aid in determining the
spawning potential of southern kingfish at different lengths and ages; however, fecundity
measurements for southern kingfish across its range are poorly understood due to the lack
of data on the topic. The only known fecundity estimates come from Fritzsche and
Crowe (1981) in the north-central GOM where they estimated a mean BF of 105,359
eggs, a range of 46,024 - 332,229 eggs, and a mean RBF of 527 oocytes/g OFBW based
on a sample size of 20 specimens and counting all oocytes > 300 J..Lm. Our results from
11 specimens in the north-central GOM were consistently lower; however, I counted
oocytes > 350 J..Lm which were undergoing OM, and this may account for some of the
difference. Vitellogenic oocytes between 300-350 J..LITI are not undergoing OM and thus
represent several batches. Overall, my data suggests that BF and RBF did not have a
significant relationship to TL, OFBW, or age, which is unusual. This may be explained
by a number of factors but is likely linked to our small sample size and the fact that since
southern kingfish are batch spawners, there may be significant variation in fecundity
among individuals within the protracted spawning season (Lowerre-Barbieri et al. 2009).
Therefore, my fecundity estimates should be viewed with caution.
Southern kingfish is a desirable recreational and commercially targeted species
that is currently unregulated in the north-central GOM. Life history traits and population
assessments have been touched on in previous studies but are still poorly understood.
The results from this study should strengthen the overall know ledge about this species
and how it fits within our estuarine ecosystems. Further study of sampling bias and its

39
impacts on sex ratio would be beneficial to ensure that we have a proper view of the
gender structure in the population. It would also be beneficial to acquire a robust sample
of actively spawning fish across the spawning season to gain a better understanding of
both batch fecundity and relative batch fecundity, which will provide greater infonnation
on spawning potential of the southern kingfish.
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APPENDIX A
TISSUE PROCESSING SEQUENCE
SOLUTION

TIME

1) 70% EtOH

1 Hour

2) 80% EtOH

1 Hour

3) 95% EtOH

1 Hour

4) 95% EtOH

1 Hour

5) 100% EtOH

1 Hour

6) 100% EtOH

1 Hour

7) 100%EtOH

1 Hour

8) Xylene Sub.

1 Hour

9) Xylene Sub.

1 Hour

10) Xylene Sub.

1 Hour

11) Paraplast Plus

1 Hour

12) Parplast Plus

1 Hour
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APPENDIXB
ORDER, REAGENTS, STATION NUMBER, AND DURATION FOR STAINING
TISSUES WITH HEMATOXYLIN 2 AND EOSIN-Y
SOLUTION
Xylene Sub.
Xylene Sub.
Xylene Sub.
100% EtOH
100% EtOH
95%EtOH
95% EtOH
80%EtOH
80% EtOH
50%EtOH
Distilled Water
Hematoxylin 2
Water - rinse well
Acid water
Water - rinse well
Blueing water
Water - rinse well
95% EtOH
Eosin Y
Blot Blot Blot
95% EtOH
95% EtOH
95% EtOH
100% EtOH
100% EtOH
100% EtOH
Xylene Sub.
Xylene Sub.
Xylene Sub.
Xylene Sub.

STATION
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

DURATION
3 min.
3 min.
3 min.
10 dips
10 dips
10 dips
10 dips
10 dips
10 dips
10 dips
1 min.
3-5 min.

-----2 dips

-----30 sec.

-----10 dips
1.5 min.

-----10 dips
10 dips
10 dips
1 min.
1 min.
1 min.
1 min.
1 min.
1 min.
1 min.
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